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Title: Electroch emical cgll 
Technical Field 

The invention relates to an electrochemical cell, such as an SOFC cell, comprising 
a nickel based electrode structure, such as in form of an Ni/YSZ anode, to which Mn 
5 has been added. 

Background Art 

From TP 5-1901 83 it is known to add Mn to the Ni/YSZ anode in an amount of 5 to 
50 metal atom% of the anode material. As a result the reaction resistance Rp of the 
anode is reduced. 

10 Brief Description of the Invention. 

The object of the present invention is to show how the reaction resistance Rp can be 
further reduced as well as how further advantages in form of an increased conductiv- 
ity and a limited catalytic activity can be obtained. 

An electrochemical cell of the above type is according to the invention characterized 
15 in that the added amount of Mn to the zone of the electrode extending less than 20 
pm from the electrolyte represents 0.5 to 5 metal atom%, preferably 1 to 4 metal 
atom%, especially 2 to 3 metal atom%. 

An electrochemical cell can be produced by applying electrodes onto a carrier elec- 
trolyte or electrolyte on a carrier electrode. The cell can be produced by intermediate 
20 sinterings or be sintered when more or all the components are assembled. 

An electrochemical cell can be used within several fields, said cell comprising an 
electrolyte, which is also called a membrane, in contact with two electrodes of a 
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predetermined composition where at least one electrode is subjected to a gas mixture 
which has a reducing effect compared to air. Below four examples are presented of 
how the electrochemical, electric and catalytic properties of such a nickel based 
electrode are of vital importance for the efficiency of the cell. 

i) a solid oxide fuel cell (SOFC) is a catalytic cell mainly comprising an 
electrolyte with an anode and a cathode on opposed sides. A nickel elec- 
trolyte composite is widely used as the anode. The electrolyte is most 
frequently a Y-doped Zr0 2 (YSZ). The anode is most frequently pro- 
duced by way of sintering in air, the reason why NiO is used. During 
operation the NiO is reduced to Ni in the reducing anode gas. The fuel 
cell can be supplied with a gas, such as hydrogen or methane, and pro- 
duce current or be driven by means of the current and dissociate for in- 
stance water or carbon dioxide. 

ii) An electrochemical reactor can be used for a chemical synthesis by way 
of a complete or partial oxidation of a compound, such as for instance 
methane, ethane or methanol. The reactor can be based on electrochemi- 
cal cells with two electrodes, where at least one electrode, viz. the active 
electrode, catalyzes the oxidation. This electrode is typically nickel based. 

iii) An oxygen separation membrane can be used for the production of for 
instance synthesis gas by way of a partial oxidation of for instance meth- 
ane. This membrane can be a dense electrolyte as stated above or an 
electrolyte which has been provided with an electronic conductivity, viz. 
be internally short-circuited, and on which a nickel based electrolyte 
catalyzes the oxidation. A reactant, such as for instance oxygen, water or 
carbon dioxide can be mixed into the reducing gas or oxygen can be 
supplied in ionic form through the membrane. This process can be electri- 
cally driven by transmitting a current through the cell, viz. the compact 



electrolyte, or the cell can be internally short-circuited, viz. the electro- 
lyte with the electronic conductivity. 

iv) As a sensor for measuring the composition of the gas. 

In the four examples i)to iv) the nickel based electrode has been subjected to a reduc- 
ing atmosphere, in which a complete or partial oxidation or reduction of a reactant 
takes place. The fundamental function of the electrochemical cell is thus to oxidize 
for instance methane, hydrogen or carbon monoxide while delivering an electric 
current, or to drive the process in the opposite direction by applying a current and 
dissociating for instance water into hydrogen and oxygen. 

The efficiency of the electrode is typically defined by the following three values: A) 
the power loss associated with the electrode process, B) the electric conductivity of 
the electrode, and C) the catalytic activity of the electrode. 

Below these properties are discussed in connection with nickel based electrodes or 
catalytically active components used in a fuel cell, an electrochemical reactor and on 
an oxygen separation membrane or the like. 

Definition of problems 

A) An improvement of the efficiency of the electrochemical cell and a reduc- 

tion of the costs give rise to a demand for reducing the power loss 
(W TAB =R P i 2 ) associated with the electrode process and below expressed 
by the reaction resistance R P also called the polarization resistance. It 
turned out that an Ni/YSZ composite electrode with respect to function, 
but not necessarily to production can be divided into two zones with 
different primary functions. The electrode is electrochemically active in 
a range of 10 to 20 /xm from the compactly sintered electrolyte, which 
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means that here the reactants are reacted by way of oxidation reduction 
while releasing or receiving electrons. This layer is associated with the 
lowest achievable reaction resistance R P for the electrode in question. 

B) The primary function of the superposed electrode structure is contacting 
5 and as electron conductor because the reactants in the active layer are 

only reacted in so far as electrons can be transmitted to or from the 
electrode. This conductivity is substantial because a predetermined 
distance of the magnitude of mm or more can exist in the technical 
structure of the electrochemical cell between the contact points of the 
10 electrode and the structure establishing the electric contact to the cell. 

C) As far as an SOFC driven on natural gas or methane is concerned, the 
endothermal steam reforming reaction should for optimizing reasons be 
carried out on or adjacent the active cell where heat is generated. The 
strong catalytic properties of nickel have the effect that the steam 

15 reforming reaction on a nickel based electrochemical cell typically occurs 

over the first few mm of the electrode adjacent the gas inlet, whereby this 
part of the system is strongly cooled. As a result, thermal gradients arise 
in the system which in turn involves a risk of breakings. Accordingly 
there is a demand for a possibility of suppressing the activity of a specific 

20 amount of nickel in the electrode with respect to the catalytic reaction of 

hydrocarbons. This demand applies to the entire electrode structure and 
primarily to the superposed electrode part which handles the conductivity 
of the electrode as this part presents the largest nickel surface. 

Background Art 



25 A) The composite Ni/YSZ electrode for SOFC has been the object of several 

optimizing studies with respect to microstructure, particle size relation- 
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ship, sintering temperature and quantitative ratio of the two materials. 
Ni/YSZ composite anodes are known with a reaction resistance R P lower 
than 0.10 to 0.15 Qcm 2 at 1000°C in hydrogen with approximately 3% 
water. 

An R P lower than above has been obtained by using ruthenium in stead of nickel, but 
ruthenium is relatively cost-intensive and difficult to process for the purpose. 

In stead of the typical Zr0 2 based electrolyte, it is possible to use a mixed conductor 
based on for instance PrO x , Ce0 2 ), whereby the R P is reduced. Again, the raw mate- 
rials are relatively expensive. 

B) The demand for a high conductivity in the electrode can be met by using 
an Ni/YSZ composite with a high content of Ni or by sintering the elec- 
trode structure at a high temperature in such a manner that the nickel 
particles are brought into a good contact. However, it is not advantageous 
to have a too high content of nickel because the thermal coefficient of 
expansion (TEC) of the electrode is thereby increased. As a result it 
moves away from the electrolyte both in the oxidized state and in the 
reduced state. Furthermore, it has been demonstrated that fractures 
caused by the difference in TEC easily propagate between the electrode 
and the compactly sintered electrolyte when the sintering temperature is 
higher than stated above. Finally, the content of Ni should be low in 
order to minimize the tension in the structure in case the nickel content 
of the electrode unintendedly oxidizes during operation. 

C) No technically suitable method is known for lowering the catalytic 
properties of nickel apart from a lowering of the nickel content/the nickel 
surface, which in general has a negative effect on the polarisation 
resistance Rp of the electrode and the electric conductivity. 
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Brief Description of the Invention 

The above three problems A) to C) can to a considerable degree be solved by adding 
MnO x to the nickel based electrode or the nickel based catalytic component. Here and 
below the expression MnO x is used for all possible components which can supply the 
5 element Mn bearing in mind that under usual operational conditions for such 
structures nothing but Mn-oxides or a mixed metallic oxide containing Mn exist. 

The problems B) and C) are solved by means of the features indicated in claim 2. 

Brief Description of the Drawings 

The invention is explained in greater detail below with reference to the accompanying 
10 drawings, in which 



M Fig. 1 is a diagrammatic cross sectional view of a symmetrical electrochemical cell 

comprising an electrolyte and two identical electrodes, each electrode including three 
electrode layers, 



Fig. 2 illustrates the electric connections to the symmetrical cell used for character- 
15 izing the polarisation resistance R P of the electrodes, 

Fig. 3 shows test data in form of an impedance spectrum corrected for the area of the 
electrode. The polarisation resistance R P of the electrode presents approximately 2/3 
of the distance between the axis points of intersections on the abscissa, 

Fig. 4 shows an equivalent circuit used for curve adjustment of the test data in Fig. 
20 3, where L is an inductance, R s a serial resistance in the electrolyte, R x and R 2 
together present the polarization resistance R P , whereas R D is the diffusion resistance 
in the gas above the electrodes. Q is a constant phase element representing a non— 



7 

ideal capacitance associated with the indicated resistances, 

Fig. 5 is a sectional view through a semi-cell for characterising the inplane 
conductivity of the electrode, where an upper electrode layer of a predetermined 
thickness has been superposed an electrolyte with an active electrode layer. The 
thickness of the active electrode layer is preferably less than 20/zm, 

Fig. 6 illustrates a contacting so as to characterize the inplane conductivity of an 
upper electrode layer on the semi-cell of Fig. 5. Platinum wires with insulating 
aluminium pipes wound thereon are pressed against the electrode surface of a weight 
load. The platinum wires represent four contacts of a square arrangement, the 
conductivity of thin layers being measurable between said contacts, 

Fig. 7 illustrates an arrangement for measuring the catalytic activity of a powdered 
electrode layer. A gas mixture is established with mass flow valves and is carried 
successively through the following elements through pipes: A bobble bottle with 
water on a thermostatically controlled oil bath, whereby the water content in the gas 
is increased, a powdered catalyst on a bed of inert material in a heated U-shaped 
quartz pipe, in which a catalytic reaction occurs, a cold trap, in which the water 
content in the gas is reduced, and a gas chromatograph, in which the composition of 
the gas is analysed, 

Fig. 8 shows measuring data, viz. the catalytic activity expressed as the reforming 
speed versus the content of MnO x expressed as metal atom% of Mn in the electrode 
layer, 

Fig. 9 is a cross sectional view of an electrochemical cell, where an electrolyte has 
been coated with two cathode layers on one side and two anode layers on the opposite 
side, 
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Fig. 10 is a sectional view of an experimental contacting of the cell of Fig. 9. The 
electrode surfaces of the cell are coated with a non-sintered contact layer on both 
anode and cathode, said layers ensuring the contact to a woven platinum grid which 
is applied onto both electrode surfaces, 

Fig. 1 1 is a sectional view of an arrangement in an oven for an electric characterizing 
of an electrochemical cell. The contacted electrochemical cell of Fig. 10 has been 
mounted between gas distribution plates with ribs and openings, said gas distribution 
plates in turn being mounted between two sets of concentric aluminium pipes. Gases 
are fed to the electrodes through the outer pipes and removed through the inner 
pipes, 

Fig. 12 shows measuring data, viz. area corrected voltage curves for the edge voltage 
V K and the central voltage V c , respectively. The DC resistance of the cell is 
calculated as the negative average inclination over the entire measured interval. 

Best Mode for Carrying Out the Invention. 

The addition of MnO x to the active electrode layer, which preferably represents less 
than 20/xm, and the superposed layers 19, 20, which can be of a predetermined 
thickness, has been documented by way of a number of examples. 

- The polarization resistance R P measured at 850°C and 1000°C in hydrogen with 
3 % water for an Ni/YSZ cermet anode has been reduced by addition of MnO x by 
way of 1) impregnation of a sintered electrode, 2) application onto the electrolyte 
surface prior to the application and sintering of the electrode, and 3) admixing into 
the anode slurry prior to application and sintering. At 850 °C R P has been reduced 
from 105 mQcm 2 to 59 mQcm 2 , and at 1000°C R P has been reduced from 79 
Qcm 2 to 20 Qcm 2 . 
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- The electronic conductivity of an Ni/YSZ electrode layer has been increased by 
addition of MnO x from 14 to 390 S/cm at 20°C and from 2.5 to 60 S/cm at 
1000°C. 



- The catalytic activity of an Ni/YSZ cermet electrode layer for steam reformation 
5 of methane has been reduced by addition of MnO x from 0.3 to 0.005 
ftmolmin^g" 1 . 

gg - The polarization resistance R P of an Ni/YSZ anode on an electrochemical cell has 

rf been reduced by addition of MnO x to the anode from 0.25 Qcm 2 to maximum 

s ■ 

fl 0.08Qcm 2 at850°C. 

yy 
M= 

p 10 Below the examples are discussed in detail: 

m 

yrj: 
f=?=s 

f** Reduction of R P for Ni based electrode 



The electrodes are applied onto the electrolyte by way of airborne injection of a 
particle suspension, but other techniques, such as serigraphy and painting are also 
suitable. The suspension is provided in the solvent ethanole by means of the 

15 dispersant polyvinyl butyral, but other solvents and dispersants are also suitable. An 
electrode comprises one or more layers, and particle suspensions of different 
compositions can be used for these layers. A suitable particle size distribution and 
homogeneity are obtained by ball grinding the suspension. After spraying of one or 
more particle suspensions, the electrode is subjected to a sintering. The electrode can 

20 furthermore be admixed additives by way of application of intermediate layers or 
postimpregnation by means of dissolved salts or suspensions. 

In order to illustrate the effect of adding MnO x to Ni-based electrodes, a reference 
electrode without MnO x and test electrodes with MnO x have been produced, cf . Table 
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1A. The electrodes comprising a first, a second and a third electrode layer 18, 19, 
20 are applied onto both sides of sintered 8YSZ (Zr0 2 doped with 8 mol% Y 2 0 3 ) 
electrolytes 1, cf. Fig. 1. The electrolytes 1 are of a thickness of 160 to 180 /an. A 
contact face 22 is provided between the electrolyte 1 and the first electrode layer 18. 
5 The produced cells are fragmented into almost square elements of an area of 
approximately 0.1 to 0.2 cm 2 and mounted between four platinum wires 6 in such a 
manner that two elements are provided on the central portion of each electrode 
surface, cf. Fig. 2. The cells are placed in an oven in a controlled atmosphere of 
hydrogen moistened with 3 % water at 25 °C. The impedance of the cells is measured 
10 by impedance spectroscopy at open voltage (t|=0) at 850 °C and 1000 °C. Such a 
measuring is illustrated in Fig. 3. 



O A curve adjustment of the impedance measurements were performed by means of the 



program "Equivalent Circuit", an equivalent circuit being adjusted to the test data. 
The equivalent circuit includes capacitances C, inductances L, resistances R and 
15 constant phase elements Q. 



The equivalent circuit used for the curve adjustment is shown in Fig. 4, where L is 
an induction also covering phase errors in the measuring equipment at high 
frequencies, R s is a serial resistance including a resistance substantially in the 
electrolyte, R x & Q x and R 2 & Q 2 represent limiting steps in the electrode reaction, 
20 whereas R D & Q D represents the gas phase diffusion resistance outside the anode 
structure. The reaction resistance R P is then calculated for the electrode as 

R P = (R!+ R^-A-l/2 



where A is the area of the cell, and the factor V4 is caused by both electrodes on the 
cell being part of the measuring. 
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Improved conductivity of Ni/doped ZrQ 2 based electrode 

The conductivity in the plane of the electrode can be a limiting factor for the conduc- 
tivity of said electrode when the distance between contact points to the surrounding 
contacting structure exceeds the thickness of the electrode structure. The latter is 
often the case where gas access to the electrode is required. It is typically necessary 
to apply a nickel based layer onto an electrochemical cell with a nickel based active 
electrode of a poor thickness, i.e. below 20 /xm, in order to ensure a sufficient in- 
plane conductivity. 

Such a composite electrode layer can be applied by way of spraying of a particle 
suspension as stated above. Other techniques are also suitable. After the application 
of one or more particle suspensions, the structure can be subjected to a sintering, if 
necessary. 

In order to document the positive effect of MnO x ' on the inplane conductivity of a 
composite nickel based electrode layer, two Ni/8YSZ (Zr0 2 doped with 8 mol% 
Y 2 0 3 ) electrode layers are produced with and without MnO x . The comparison appears 
from Table IB. The electrode layers are sprayed onto 10 to 20 ftm thin Ni/8YSZ 
anodes on 8YSZ electrolytes, cf. Fig. 5 showing the electrolyte 1, onto which an 
active electrode layer 23 and an electrode layer 24 have been applied. 

The produced semi-cells are fragmented into elements of an area of approximately 
1 to 2 cm 2 , and four Pt point connections are established by means of weight-loaded 
Pt wires 6 wound about aluminium pipes 7, cf. Fig. 6 showing the weight load 26. 
The element is placed in an oven in an atmosphere of 9% hydrogen in nitrogen with 
3% water, and heated to 1000°C. The conductivity of the electrode layer 8 o(at 
1000°C) is determined by way of a square four-point measuring (Van der Pauw) 
technique, which is calibrated on a metal element having a well-known conductivity. 

After the above characterization the elements are cooled under reducing conditions, 
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and the conductivity thereof at room temperature o(20°C) is determined by way of 
a conventional linear four-point conductivity measuring. 
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Catalytic activity of Ni-based electrode 

For nickel based electrodes and catalytic elements, where an electronic conductivity 
is to be maintained while the catalytic activity of nickel is to be limited, it is not 
possible to reduce the amount of nickel much below 30% in a porous structure. 

Instead the catalytic activity of present nickel can be reduced. Below it has been 
documented that this reduction of catalytic activity for nickel can be provided by 
adding MnO x . A fine-grained Ni/8YSZ (Zr0 2 doped with 8 mol% Y 2 0 3 ) based 
structure is produced by mixing NiO, 8YSZ and a water-based binder with water to 
a viscous mass and by rolling this mass into a plate of a thickness of 1 mm and 
sintering said plate at 1350°C/8 hours. A number of such plates has been produced 
by admixing various amounts of Mn(N0 3 ) 2 -4H 2 0. The tested compositions appear 
from Table 1C. The sintered plates are crushed in a mortar, and by way of screening 
a fraction of 0.4 to 1.0 mm has been removed and tested as catalyst for steam re- 
forming of methane. 

15 The catalyst is admixed quartz sand in the ratio 1:5. This mixture is placed on a bed 
of pure quartz sand in a U-shaped quartz pipe (0i=5mm), through which a gas 
mixture is fed to a gas chromatograph, cf. Fig. 7. The gas mixture is established by 
a mixing of pure gases through thermal mass flow meters. Subsequently the gas is 
moistened with water in a bobble bottle 9 on a thermostatically controlled oil bath 10. 

20 Thereafter the gas is kept at an increased temperature until it has passed the catalyst 
1 1 followed by a quartz ring 27 so as to prevent condensation. The quartz pipe 12 
is placed in an oven 13, and the sample is heated to 900°C in a flow of 9% hydrogen 
in nitrogen. The sample is stabilised for 24 hours in pure hydrogen with approxi- 
mately 3 % water (saturation at 25 °C) and then cooled to 850 °C. The gas in the pipe 

25 is replaced by 67% methane + 33% water (saturation at 88 °C). When the gas has 
passed the catalyst 1 1 , the majority of the water is condensed out into a cold trap 15 
(8°C), and the composition of the remaining amount of gas is tested in a gas 
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chromatograph 16. The gas chromatograph 16 (HP 5890 Series II) is equipped with 
a 6 foot Porapak Q column, a detector measuring thermal capacity (TCD), as well 
as an HP3396A integrator. The reformed portion of the methane gas Rc H4 is calcu- 
lated on the basis of a carbon balance in the gas leaving the catalyst 1 1 , 

RcH4 ~ (C-C02 + C C0 )/(C C02 + C C0 + C CH4 ) 

where C x indicates the concentration of methane (C CH4 ), carbon dioxide (C C02 ) and 
carbon monooxide (C co ), respectively. Rc H4 is standardized relative to the weighed 
amount of Ni/8YSZ catalyst and the composition and speed of the input gas in the 
pipe surrounding the catalyst 1 1 , whereafter the reforming speed in pimolmin^g" 1 are 
found. The calculated values based on the measurements are indicated in Fig. 8. 



Table 1 C 



Type of ele- 
ment 


Composition of the catalyst, metal atom% 


Sintering 


Reference ele- 
ment 


67.4% NiO, 32.6% 8YSZ 


1350°C/8h 


Test element 


65.0% NiO, 31.4% 8YSZ, 3.6% Mn0 2 # 


1350°C/8h 


Test element 


63.5% NiO, 30.6% 8YSZ, 5.9% MnQ 2 # 


1350°C/8h 



# Added as Mn(N0 3 ) 2 -4H 2 0 



Demonstration of electrochemical cell 

For the power production of a fuel gas and air, an electrochemical cell, cf. Fig. 9, 
with MnO x is produced in the following manner: 

A compact 8YSZ (Zr0 2 doped with 8 mol% Y 2 0 3 ) electrolyte of a thick- 
ness of 170/xm is produced by sintering at 1350°C after film casting. 



17 

- A particle suspension containing 55 . 8 w/o of 8YSZ and 44.2 w/o of NiO is spray- 
ed onto one electrolyte side, viz. the anode side, and sintered at 1300°C/2h, 
which results in a porous layer of a thickness of approximately 15/xm. 

- A second particle suspension containing 42.6 w/o of 8YSZ and 53.6 w/o of NiO 
and 3.8 w/o of Mn0 2 (3.9 metal atom%) added in form of Mn(N0 3 ) 2 • 4H 2 0 is 
sprayed twice onto the initially applied layer on the anode side and sintered after 
each spraying at 1200°C/2h, whereafter it forms a porous layer of a thickness of 
approximately 35 /xm. 

- A third particle suspension containing 40 w/o of 3YSZ and 60 w/o of (La^, 85 Sr 0 15 ) 
0 90 MnO 3 is sprayed onto the opposite side of the electrolyte, viz. the cathode side, 
and sintered at 1100°C/2h, whereafter it forms a porous layer of a thickness of 
approximately 10 /xm. 

- A fourth particle suspension containing (Lao 85 Sr 0 15 ) 0 w Mnj 10 O 3 * s sprayed onto 
the active cathode in two layers, each layer being sintered at 1100°C/2h, where- 
after it forms a porous layer of a thickness of approximately 30 /xm. 

The efficiency of the cell is characterized as follows, cf. Fig. 10. 

- The anode side is provided with a contact layer in form of an NiO suspension 
which is sprayed thereon in a layer of a thickness of approximately 50 /xm and 
which is not sintered. 

- The cathode side is provided with a contact layer in form of a 75 /xm thick film 
cast layer, which is applied by way of softening in ethanole, and which is not 
sintered. 

- Circular, woven Pt grids 29 of an area of 10.0 cm 2 are symmetrically mounted on 
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both electrode surfaces. 

As a result the cell is efficiently contacted across the entire electrode surface through 
the platinum grids 29. 



The cell with the contacting is mounted between two plane gas distribution plates 30 
5 with openings and ribs which ensure gas access to the electrodes. The cell and the 
contacting and the gas distribution plates 30 are mounted between two sets of alu- 
minium pipes 31 in an oven, cf. Fig. 11. The cell is heated to a temperature of 
1050 °C. The temperature is measured by means of thermal elements arranged 1 mm 
Cj above the centre of the cell. 

yy 

1 : 

q 10 The cathode side is fed with air, whereas the anode side is fed with hydrogen moist- 
^ ened with 1.2% water at 11°C. The gases are fed through the outer pipes and re- 

Wj moved through the inner pipes. The voltage across the cell can be measured at the 

M edge V K and the centre V c of the electrodes through wires without current. Current 

is collected from the cell through the platinum grids 29 and separate conduits by 
15 loading with external resistances, and a current-voltage curve, cf. Fig. 12, can be 
taken. The negative inclination of the current-voltage curve presents the DC resis- 
tance of the cell, here approximately 0.63 Qcm 2 estimated conservatively across the 
entire measured interval. 



The DC resistance of the cell includes a) electrolyte resistance (estimated to be 0.35 
20 Qcm 2 for 170 /an 8YSZ at 850°C, b) the reaction resistance of the cathode (esti- 
mated to 0.20 Qcm 2 as the optimal measuring for this type of cathode), c) the reac- 
tion resistance of the anode, and d) the resistance in the contacting of the cell. The 
measuring d) cannot be measured separated, and it is here assumed to be 0.00 Qcm 2 . 
Subsequently, maximum 0.08Qcm 2 of the DC resistance of the cell remains, which 
25 can be ascribed to the Ni-based anode, which has been admixed MnO x . 



Reference cells are produced in the same manner apart from 1), MnO x has not been 



# 
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added, and 2) the two outermost anode layers have been sintered at 1300°C/2h in 
order to ensure the conductivity in stead of only 1200°C/2h, and 3) the cathode has 
been sintered at 1300°C. These reference cells provide in connection with an identi- 
cal test at best a DC resistance of 1.00 Q cm 2 . It is possible to derive a reaction 
resistance of the anode of 0.25 Qcm 2 from the latter in the same manner when it 
comes to Ni-based anodes without the addition of MnO x . 



